Empirical studies of protein secondary structure by vibrational circular dichroism and related techniques. Alpha-lactalbumin and lysozyme as examples.
Vibrational circular dichroism (VCD) has been shown to be sensitive to secondary structure in proteins and peptides and has been used as the basis for quantitative secondary-structure-prediction algorithms. However, the accuracy of these algorithms is not matched by the apparent qualitative sensitivity of the VCD spectra. This report provides examples of the use of VCD to follow structural change spectrally and to clarify the qualitative nature of the structural changes underlying the spectral variation. The VCD spectra and the complementary UV electronic CD (ECD) and FTIR spectra of alpha-lactalbumin (LA) have been studied as a function of pH, denaturation, Ca2+ ion and solvent conditions for several species. Spectral data for lysozyme were compared with those of LA because of their very similar crystal structures. In fact, these proteins in D2O-based pH 7 solution have quite different spectra using these optical techniques. Even for the LA proteins, the human differs from the bovine and goat species. Furthermore, under low pH conditions, where the LAs are in a reversibly denatured, molten globule form, the spectra are more similar, species variation is minimal and the spectral differences from lysozyme are in fact smaller. Our data are consistent with native, pH 7, alpha-lactalbumin having a less well organized structure than lysozyme, possibly in a dynamic sense. Conversely, in the low-pH, molten globule form of LA, tertiary structure is lost which could relax constraints that might distort the helical segments in the native form. The differences between the interpretation of our results and those from X-ray and NMR data may be due to motional sampling of various geometries in LA which all contribute to the spectral signatures seen in optical spectra but whose contributions are washed out in NMR or frozen out in the crystal structure. Part of this flexibility may relate to the rather large 3(10)-helical content in the LA protein structure. Fluctionality may have specific functional effects, perhaps allowing LA to bind better to beta-galactosyl transferase and form the biologically active lactose synthetase complex.